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ABSTRACT 

We identify the probable optical counterpart of the SMC supersoft source, 
RX J0059. 2-7138, with a ~ 14th magnitude star lying within the X-ray error cir- 
cle. We present high resolution optical spectroscopy, which reveals strong HI emission 
and Hel absorption, indicative of a Be star. This classification is consistent with the 
colours we derive from optical photometry. We thus find evidence to support the ex- 
isting tentative identification of this object as a Be/X-ray binary, the first of its kind 
to exhibit luminous supersoft X-ray emission. 
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1 INTRODUCTION 

The supersoft X-ray sources (SSSs) have been established by 
ROSAT observations as a new class of objects, characterised 
by their luminous (Lboi ~ 10 37 — 10 38 ergs -1 ) emission at 
very soft X-ray energies (Tbb ~ 30 — 50 eV) - see reviews by 
e.g. Kahabka & Triimper (1996); Cowley et al. (1996). The 
group as a whole is not strictly homogeneous; the archety- 
pal sources, CAL 83 and CAL 87, originally discovered by 
the Einstein X-ray Observatory (Long, Helfand & Grabel- 
sky, 1981) have the highest luminosities, and are popularly 
thought to be white dwarf binaries accreting at exceptionally 
high rates, due to thermally unstable mass transfer from a 
more massive donor star (van den Heuvel et al. 1992). How- 
ever, luminous supersoft emission has also been observed 
from symbiotic systems (e.g. Hasinger 1994) and a plane- 
tary nebula nucleus (Wang 1991), although their bolometric 
luminosities are typically an order of magnitude lower. 

The supersoft source RX J0059. 2-7138 (hereafter 
RX J0059-71) was detected serendipitously with the ROSAT 
PSPC in 1993 May, at a count rate of ~ 8s -1 , and was 
seen almost simultaneously by ASCA (Hughes 1994; Kylafis 
1996). Previously, it had failed to be detected by either the 
Einstein Observatory or EXOSAT in the early 1980s, or in 
recent pointed ROSAT observations of 1991 November (see 
Hughes 1994). The transient nature of this source is thus 
clearly established. 

The best fit to the X-ray spectrum consists of three 
components (Kylafis 1996): two power laws with indices of 
0.7 and 2.0 fit the spectrum in the > 3 keV and 0.5-3.0 keV 
bands respectively. Furthermore, the emission is pulsed at a 
level of ~ 35% and ~ 20% in these respective bands, with 



a period of ~ 2.7 s (Hughes 1994), firmly establishing the 
presence of a neutron star. However, the lower energy band 
(< 0.5 ke V) requires the third spectral fit component, which 
accounts for ~ 90% of the bolometric luminosity, and is a 
black body with a temperature kThh ~ 35 eV. Such lumi- 
nous supersoft emission is clearly unexpected in this object, 
given the van den Heuvel et al. (1992) accreting white dwarf 
binary model for the SSSs. 

On the basis of its X-ray properties, Hughes (1994) ten- 
tatively identified RX J0059-71 as a high mass X-ray binary, 
possibly a Be/X-ray binary system (see e.g. Parmar 1994 
for a review of these objects). We have therefore undertaken 
optical spectroscopy and photometry of the proposed coun- 
terpart, to investigate the nature of this potentially unusual 
member of the SSSs. 



2 OPTICAL SPECTROSCOPY AND 
PHOTOMETRY 

2.1 Observations and Reduction 

Spectroscopy of the proposed counterpart was obtained in 
Nov/Dec 1994 using the 3.9 m Anglo- Australian Telescope 
at Siding Spring. The detector was a 1024x1024 TEK CCD 
attached to the RGO spectrograph. The 1200V grating on 
the 25 cm camera gave a resolution of ~ 1.3 A. In addition, 
a single spectrum was obtained using an identical set-up in 
Jan 1996. Tab. 1 lists the journal of spectroscopic observa- 
tions. Cu-Ar arc spectra were taken before or after each ob- 
ject exposure, and a series of tungsten lamp flat fields and 
bias frames were also obtained. Owing to poor observing 
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conditions (variable cloud) during both runs, no flux stan- 
dards were observed, and hence the data were not corrected 
for instrumental response. Reduction of the data frames fol- 
lowed standard procedures. We subtracted the bias signal, 
and removed small scale pixel-to-pixel sensitivity variations 
by multiplying by a balance frame prepared from the tung- 
sten lamp flat fields. One dimensional spectra were extracted 
using the optimal algorithm of Home (1986), and conversion 
of the pixel scale to wavelength units was achieved using the 
arc calibration spectra. 

CCD photometry of the target field was obtained in 
1996 Jan, using the UCT CCD on the 1.9m telescope at 
the South African Astronomical Observatory, Sutherland. 
We used standard 'BV (Johnson) and R (Cousins) filters. 
Flat fields of the twilight sky, and observations of Magel- 
lanic Cloud standard stars were obtained in each filter. The 
images were reduced using daophot (Stetson 1987), since 
we found a profile-fitting technique to be essential given the 
particularly poor seeing (~ 2 — 3") during most of the run 
(see Sec. 3.2). We show in Fig. 1 an 7 band finding chart 
for the target (Starl), and the star relative to which we 
performed differential photometry (Star 2) - see Sec. 3.2. 



3 RESULTS 

3.1 Average spectra 

We show in Fig. 2 the variance- weighted average of our four 
1994 blue spectra; the continuum has been normalised, but 
the spectra are not flux calibrated. Hel absorption is highly 
prominent, being observed at AA4388, 4471, 4713, 4922, 5016 
and 5048. We see also weaker absorption lines of of Sim 
AA4553,4568,4575 and Oil A4415-17 and A4639-42. The ab- 
sorption at A ~4650 is ambiguous, possibly arising from On 
A4650 or the Cm A4647-51 absorption blend. 

In emission, H/3 appears very strongly, but with broad 
underlying absorption. There is evidence for Fell A5018 in 
emission; however, if this is present, we might also expect 
to see features due to this ion at AA4489-91, 4508-23, 4584 
and 4629. There is no obvious emission at these wavelengths 
(save perhaps at A4584), but a higher signal-to- noise ratio 
spectrum would be required to conclusively confirm the pres- 
ence of this species. 

The single blue observation obtained in Jan 1996 suffers 
from very poor signal-to-noise and is not shown. However, 
we do still see H/3 in emission, and some of the stronger 
Hel absorption lines, consistent with the spectra obtained 
~ 1 year earlier. 

In Fig. 3, the variance-weighted average of the two 
1994 red spectra is presented. Ha appears very strongly in 
emission, consistent with CTIO Schmidt narrow-band filter 
imaging data obtained in 1993 Dec (Hughes, private commu- 
nication) . We do not see evidence for any intrinsic structure 
in this line. The absorption at ~ 6270 — 6295 A is an at- 
mospheric feature, but there are no other obvious spectral 
features. 

3.2 Optical Photometry 

Differential photometry was performed relative to Star 2 (see 
Fig. 1). We used observations of a standard star from the 



only photometric night (1996 Jan 28) to calibrate the local 
standard, for which we measure V = 16.51, B~V = 0.82 and 

V — R = 0.49. However, we estimate that a systematic error 
of < 0.05 mags is possible, given the paucity of photometric 
standard star observations. 

We note that RX J0059-71 has a close companion about 
4" to the south-east (Star 3 of Fig. 1). Although these two 
stars were not fully resolved on all our data frames, we 
were able to subtract the contaminant star through a profile 
fitting technique, in the V and R bands. The magnitudes 
of Star 1 thus derived were consistent with those obtained 
from the fully resolved frames, hence we believe the deblend- 
ing procedure to be effective. We estimate that Star 3 has 

V ~ 16.8, and V — R ~ 0.6; however, we were unable to 
obtain an accurate measurement of its B magnitude, since 
it appeared almost totally blended with Star 1 on all frames. 

We list in Tab. 2 the nightly colours of Star 1 for the 
period 1996 Jan 24-29 (blended with the light of Star 3 in 
the case of the B band). We conclude that there are no 
significant magnitude or colour variations, within the la 
statistical errors, during this period. From all the optical 
photometry, we derive mean values of V = 14.08 ± 0.02 and 

V - R = 0.05 ± 0.02 for Star 1. The average blended mag- 
nitude in B is 14.13 ± 0.03; if Star 3 contributes a similar 
fraction to the blended light as in the V band, the correc- 
tion to this value would be ~ 0.08 mags. 

3.3 Spectral Classification and Line 
Measurements 

The presence of neutral helium lines in the spectrum of 
Star 1 clearly establishes the optical counterpart as a B- 
type star. Furthermore, its optical brightness of V ~ 14.1 
corresponds to an absolute visual magnitude of ~ —4.9 
(for an SMC distance of 60kpc and Eb-v of 0.03; see 
e.g. Westerlund 1991). Thus, the implied spectral type is 
around B0-B1 III (Jaschek & Jaschek 1987). 

The presence of the Balmer lines in emission is a clear 
indicator that the optical counterpart is a Be star (the ab- 
solute visual magnitude rules out the possibility that it is 
a supergiant, since these also show Ha emission). The ab- 
sorption lines of ionized Si, O and possibly C are entirely 
consistent with this classification, as is the probable Fe II 
emission, which can occur in Be stars of spectral type B0-B5 
(Jaschek & Jaschek 1987). The relatively strong On A4639- 
42 absorption favours a spectral type of Bl III rather than 
B0 III, since this feature appears to be absent in the latter 
class (Yamashita, Nariai & Norimoto 1977). By this argu- 
ment, we favour the identification of the A ~ 4650 feature 
with On A4650, rather than Cm. A most likely spectral type 
of Bl III is thus implied. 

The equivalent widths of the prominent spectral lines 
were measured from the average spectra of Fig. 2 and Fig. 3 
by summing the flux in the line after normalising the con- 
tinuum. The results are summarised in Tab. 3. We do not 
attempt a measurement for H/3 since the underlying absorp- 
tion introduces large inaccuracies. The average value for Ha 
of 15.23 ± 0.20 A is consistent with that found in 1993 Dec 
(Hughes 1994). 

We investigated the velocities of the strongest spectral 
lines through cross correlation with the average spectrum. 
No significant changes in the velocities of any of the lines 
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were observed over the two nights of observations. The mean 
velocity of Ha is v = 155 ± 2 kms -1 and of Hel 4471 is 
v — 147 ± 10 kms -1 . These may be compared to the line-of- 
sight velocity of the SMC of ~ 168 kms" 1 (Allen 1973). 

A single Gaussian fit to the Ha average profile yielded 
a width of a — 119 ± 2 kms -1 (this includes the instrumen- 
tal broadening due to the detector resolution of ~ 1.3 A or 
~ 40kms~ 1 ). Whilst it is true that many Be stars have 
highly rotationally broadened profiles, this is not always 
the case, particularly in binary systems (e.g. Jaschek & 
Jaschek 1987). The H/3 profile is complex, hence it is dif- 
ficult to obtain reliable measurements. However, a reason- 
able fit was achieved using two Gaussian functions to fit 
the narrow emission and broad absorption components. The 
central velocities and standard deviations of these Gaus- 
sians are v = 132 ± 2kms~ 1 and a — 237 ± 33kms _1 
for the absorption component, and v = 157 ± 2 kms -1 and 
a — 68 ± 3kms _1 for the emission component. 



RX J0059-71, if indeed this system is partially surrounded 
by a thick disk (see also A0538-66; Corbet 1986). 



5 CONCLUSIONS 

We have identified a Bl III emission star as the probable 
optical counterpart of the supersoft SMC pulsar RX J0059- 
71. An orbital period of ~ 15 d is predicted from the pulse 
period, although it is not clear that this calculation is ap- 
plicable in this highly non- typical Be/X-ray system. Further 
optical spectroscopic and photometric observations are es- 
sential in order to: (i) search for a long term modulation (~ 
tens of days, which is the typical orbital period range for 
the Be/X-ray systems), (it) investigate changes in the ab- 
sorption/emission lines and colours, particularly in relation 
to the X-ray variability, and (in) eliminate the possibility 
that the close companion of the Be star may actually be the 
source of the supersoft emission. 



4 DISCUSSION 

The identification of RX J0059-71 with a Be star makes this 
the third Be/X-ray binary known in the Magellanic Clouds, 
the other two being A0538-66 (e.g. Charles et al. 1983) and 
RX J0502.9-6626 (Schmidtke et al. 1995). The former sys- 
tem is a transient, with an orbital period of 16.7 d and spec- 
tral type B2 III, showing characteristic X-ray and optical 
behaviour in its active and quiescent states. Our optical 
spectrum of RX J0059-71 more closely resembles that of 
A0538-66 in its off-state (see Fig. 7 of Corbet et al. 1985), 
in terms of the absorption lines present, lack of Hell 4686 
emission and absence of any P Cyg type profiles. However, 
in our spectrum of RX J0059-71, we see H/3 strongly in emis- 
sion, whereas this line appears in absorption in the quiescent 
A0538-66 spectrum of Corbet et al. (1985). 

More importantly, the X-ray spectrum of RX J0059-71 
is totally unlike any of the other known Be/X-ray systems, 
the existence of a luminous supersoft component being, at 
present, unique to RX J0059-71. Kylafis (1996) has sug- 
gested a model for RX J0059-71, in which the supersoft emis- 
sion arises from a torus of optically thick material surround- 
ing the neutron star, with the harder pulsed emission result- 
ing from direct observation of the stellar surface along the 
axis of the envelope. However, it is currently unclear why this 
system should exhibit such anomalous behaviour. In view of 
this fact, we have considered the possibility that the super- 
soft emission may actually arise from the close (~ 4") com- 
panion to RX J0059-71 (Star 3 in Fig. 1). We have only two 
very low quality blue spectra of this object, taken through 
poor seeing and variable cloud. No obvious spectral features 
could be distinguished above the noise; however, our optical 
photometry does suggest that this star is quite blue. Whilst 
the chance coincidence of two such unusual stars seems un- 
likely, further spectroscopic observations would be desirable 
to conclusively eliminate this possibility. 

Corbet (1984) has derived a relation between the pulse 
and orbital periods of the Be/X-ray systems. If this relation 
applies to RX J0059-71, an orbital period of ~ 15 d is ex- 
pected (see Fig. 3 of van den Heuvel & Rappaport 1987). 
However, it is not at all clear that this correlation applies in 
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Table 1. Journal of Spectroscopic Observations Table 2. Optical photometry of RX J0059-71 (Starl) 



Date 


UT Start 


Exp (s) 


Waveband 


Date 


B (± Star 3) 


V 


R 


1994/11/30 


09:53 


600 


6108-6863 




(±0.04) 


(±0.03) 


(±0.02) 


1994/11/30 


10:06 




4364-5095 


1996/01/24 


14.17 


14.06 


14.03 


1994/11/30 


10:19 




4364-5095 


1996/01/25 


14.16 


14.11 


14.03 


1994/12/01 


09:46 




6108-6863 


1996/01/26 


14.12 


14.09 


14.03 


1994/12/01 


09:59 




4364-5095 


1996/01/27 


14.08 


14.11 


14.03 


1994/12/01 


10:10 




4364-5095 


1996/01/28 


14.13 


14.05 


14.02 


1996/01/19 


11:31 




4287-5052 


1996/01/29 


14.12 


14.06 


14.04 
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Table 3. Equivalent width measurements of 1994 spectra 

Line Average EW (A) 

Hci 4387 ±0.34 ± 0.04 

Hci 4471 ±0.65 ± 0.04 

Hei 4713 ±0.23 ± 0.03 

Hei 4921 +0.36 ± 0.03 

Ha -15.23 ±0.20 



Figure 1. Finding chart for RX J0059.2-7138 (Star 1). The image 
was taken in the /-band with the SAAO 1.9 m + UCT CCD and 
covers an area of sky ~ 0.5' X 0.5'. North is up, east to the left. 
The X-ray position (J2000: 00 59 12.9, -71 38 50) is marked with 
a cross, with the short horizontal and vertical lines indicating the 
uncertainty in the declination and right ascension respectively. 
Differential photometry was performed relative to Star 2. Note 
the close companion of RX J0059-71 about 4" to the south-east 
(Star 3). There are no other stars within the X-ray error circle 
brighter then V ~ 18. 



Figure 2. Average blue spectrum of RX J0059-71 from observa- 
tions taken in 1994. The region 4364 — 5095 A is covered with a 
resolution of ~ 1.3 A. The spectrum is dominated by Hei absorp- 
tion and weak lines of On and Sim. In emission, H/3 A4861 appears 
very strongly, with broad underlying absorption. Fell lines may 
appear in emission, as evidenced by the feature at A5018. 



Figure 3. Average high resolution (~ 1.3A) red spectrum. Ha 
appears very strongly in emission, but we do not see evidence for 
any intrinsic structure. The absorption at ~ 6270 — 6295 A is an 
atmospheric feature. 
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